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[5 7] ABSTRACT 
An electrically conducting material is produced by ni 
triding' a mixture of silicon and a component capable 
of being converted toan electrically conducting phase 
under the conditions of the nitriding, thereby to pro 
duce a material comprising silicon nitride and the 
electrically conducting phase. The material produced 
has a low resistivity, which is retained over a wide 
temperature range. 

.3 Claims, No Drawings 
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ELECTRICALLY CONDUCTING MATERIAL 
CONTAINING SILICON CARBIDE IN A MATRIX 

OF SILICON NITRIDE > 

This is a continuation of application Ser. No. 
303,347, ?led Nov. 3, 1972, now abandoned. 
This invention relates to an electrically conducting 

material and to a method of production thereof. 
Silicon nitride has certain advantages as an engineer 

ing ceramic material. For example, it has high strength 
at elevated temperatures, it has a low coef?cient of 
thermal expansion, it has low density, it can be ma 
chined when not fully sintered, and it suffers minimal 
shrinkage during sintering. 
There are a number of methods for manufacturing 

ceramic artefacts including silicon nitride. See, for 
example, the speci?cations of our cognated UK. Pa 
tent‘ Applications Nos. 16047/68, 29296/68 and 
50888/68 and the speci?cation of our UK. Patent 
Application No. 55145/70. The latter speci?cation 
describes a method of making silicon nitride artefacts 
in which a mixture of silicon powder and unplasticised 
thermoplastic or thermosetting binder is shaped into an 
artefact by compression moulding at elevated tempera 
ture, and is subsequently heat treated in stages in which 
the binder is ?rst removed to yield a green shaped 
artefact, which is subsequently sintered and nitrided. 
The electrical resistivity of such silicon nitride artefacts 
may be reduced by altering the nitriding process to 
leave un-nitrided silicon metal in the ?nished product. 

In.the speci?cation of our UK. Patent Application 
No. 32201/69, we have‘ described and claimed a 
method whereby the electrical resistivity of silicon 
nitride artefacts may be further reduced. In this 
method, an ‘electrically conducting material, such as 
graphite, is mixed with silicon powder prior to the cur 
ing and sintering of the green artefact. When the elec 
trically conducting material is graphite, the ?nal 
artefact will, of course, contain graphite. It will there 
fore only retain its low electrical resistivity at tempera 
tures where the graphite does not tend to oxidise, i.e., 
at temperatures below about 300°C to 400°C. 
According to this invention, a method for the pro 

duction of an electrically conducting material com 
prises nitriding a mixture of silicon and a component 
capable of being converted to an electrically conduct 
ing phase under the conditions of the nitriding, thereby 
to produce a material comprising silicon nitride and the 
electrically conducting phase. Advantageously, the 
mixture is fabricated into an artefact before it is ni 
trided, so that the material produced will be in the form 
of the artefact. The techniques for fabricating artefacts 
are well known in the ?eld of ceramic technology and 
will not be discussed further herein. It is highly desir 
able that the nitriding is carried out in an atmosphere in 
which oxidising gases are absent. Usually, the atmo 
sphere comprises nitrogen alone, though it may com 
prise, for example, nitrogen and an inert gas such as 
argon. 
We prefer that the component is carbon, when we 

particularly prefer that the relative proportions of the 
starting materials are selected so that free carbon is 
absent in the material produced, and the electrically 
conducting phase is silicon carbide. This is to enable 
the material to be used at temperatures as high as 
900°C to 1,000°C in air Whilst still retaining its low 
electrical resistivity. Also, we prefer re use the carbon 
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in the form of particles which are as small as possible, 
for example, of a diameter not greater than 50M. Thus, 
the carbon ‘may be in the form of colloidal graphite, 
where the diameter of the particles is in the range from 
100 A to 200 A, or it may be in the form of carbon 
?bres, having a‘ mean diameter of 10a. 
A further example of a component which may be 

used is molybdenum when the electrically conducting 
phase is molybdenum disilicide. 
The material produced by the present method has 

been found to possess a low resistivity and has applica 
tions over a wide range of temperatures. For example, 
resistivity values as low as 0.1 ohm cm have been ob 
tained, when the material contains about 30 w/o of 
silicon carbide as the electrically conducting phase. 
The method has the outstanding advantage that the 
resistivity of the material can be controlled by varying 
the concentration of the component in the mixture and 
hence the concentration of the electrically conducting 
phase in the material. This is illustrated quantitatively 
in the'examples of this speci?cation. 
According to a further aspect of the invention, there 

is provided an electrically conducting material com 
prising an interconnecting network of an electrically 
conducting phase in a matrix of silicon nitride. Prefera 
bly, the material is in the form of an artefact. 
The invention will now be illustrated by the following 

examples. 
EXAMPLE 1 

A mixture of ?ne silicon powder of particle size 15p. 
(85 w/o) and colloidal graphite of particle size between 
100 A and 200 A (15 w/o) was prepared. The mixture 
(1 kg) was mixed with methyl ethyl ketone (l l) in 
which polyvinylbutyral (200 g) had been dissolved. 
The methyl ethyl ketone was evaporated and the resul 
tant material crushed into granules of less than 1501.4. 
diameter. The granules were loaded into a metal die 
and plunger and warm moulded at a pressure of up to 
2 tsi and a temperature of 100°C. The warm moulded 
material was removed from the die and heated in vacuo 
to 500°C at a rate of 10°C/hour to remove the polyvi 
nylbutyral. It was then further heated in an atmosphere 
of ?owing nitrogen to produce a mixture of silicon 
nitride and silicon carbide with no unreacted graphite 
or silicon according to the following schedule: 

Heating Rate Further Conditions 
Temperature (if appropriate) (if appropriate) 

l300°C — Held for 15 hours to 
form some Si3N4 and 
SiC 

1300°C to l350°C 100°C/hr _ 
1350°C — Held for 20 hours to 

complete formation of 
SiC 

l350°C to 1450°C 
= Held for 20 hours to 

g’gimplete formatioh 6? 
SEN; 

1450°C 

X=ray analysis of the resulting material showed that its 
approximate composition was 37 We" B=SiC, 219 We 
e-*si,N,-,, 34 w/o B-Si3N4r 
The resulting material was feund te have a resistivity 

of 2.5 ehm em at reem temperature and could be 
heated up to 600°C in air for 2 menths with little 
change in reem temperature resistivity. it could alse be 
heated up to 800% in pure argeh fer a similar period 
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with little change in room temperature resistivity. , 
As an alternative, carbon ?bres of mean diameter 

10;.t may be substituted for the colloidal graphite. 
The procedure described in Example 1 was repeated 

employing different concentrations of carbon in the 
starting mixture. The volume percentage of SiC of the 
product and the resistivity thereof were determined in 
each case and the results are summarised below (Ex 
amples 2 to 9). 

We carbon v/o SiC Resistivity of 
Example in mixture of product product (ohm-cm) 

2 0 0 10‘1 
3 l0 16 140 
4 l 1 18 60 
5 12 20 V27 
6 13 25 13 
7 14 28 7 
8 15 28.5 5 
9 20 29.5 2.5 

The results obtained in Examples 1 to 9 clearly show 
that the resistivity of the product can be controlled by 
varying the concentration of carbon in the mixture. 

EXAMPLE ‘ 10 

_A mixture of silicon powder of particle size 15p. (80 
w/o) and ?ne molybdenum powder (20 w/o) of particle 
size 10p. was prepared. The mixture (1 kg) was mixed 
with methyl ethyl ketone (l l) in which polyvinylbuty 
ral (200 g) had been dissolved. The methyl ethyl ke 
tone was evaporated and the resultant material crushed 
into granules of less than 150;; diameter. The granules 
were loaded into a metal die and plunger and warm 
moulded at a pressure of up to 2 tsi and a temperature 
of ‘100°C. The warm moulded material was removed 
from the die and heated in vacuo to 500°C at a rate of 
10°C/hour to remove the polyvinylbutyral. It was then 
further heated in an atmosphere of ?owing nitrogen to 
produce a mixture of silicon nitride and molybdenum 
disilicide with no unr‘eacted, molybdenum or silicon 
according to ‘the following schedule: \ ‘ 
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Heating Rate Further Conditions 
Temperature (if appropriate) (if appropriate) 

l300°C —- Held for [5 hours to 
form some Si3N4 and 
MoSi-2 

l300°C to 1350°C l00°Clhr — 

[350°C -— Held for 20 hours to 
complete formation 

‘ of MoSiz 
l350°C to 1450°C l00°C/hr 

— Held for 20 hours to 
complete formation 
of SigN4 

1450°C 

X-ray analysis of the resulting material showed that its 
approximate composition was 30 w/o MoSi2, 40 w/o 0 
-Si3N4, 35 w/o B-Si3N4. 
We claim: ‘ 

1. An electrically conducting material having a resis 
tivity of not greater than 140 ohm-cm and comprising 
an electrically conducting network of silicon carbide in 
a matrix of silicon nitride, wherein the proportion of 
silicon carbide in the material is not greater than 37 
percent by weight. ~ ‘ 

2. A method of producing a silicon nitride ceramic 
artefact having reduced electrical resistivity which 
comprises forming a mixture of carbon particles having 
a particle size of not greater than 50 microns and sili 
con particles and subjecting the mixture to nitriding 
conditions to nitride the silicon under which conditions 
the silicon and carbon react to‘ form an electrically 
conductive interconnecting network silicon carbide 
phase in a matrix of silicon nitride, the relative propor 
tions of silicon and carbon in the mixture and the con 
ditions of nitriding being such that free silicon and free 
carbon are absent in the silicon nitride ceramic 
artefact, said silicon nitride artefact having an electri 
cal resistivity not greater than 140 ohm-cm and having 
a silicon carbide content not greater than 37 percent by 
weight. 

3. A method according to-claim 2 wherein the carbon 
is in the form of colloidal graphite. 

* * * * * 


